The milk market in the European Union (EU) is adjusting rapidly to the removal of dairy quotas. The most important changes include increased milk yield per cow, increased total milk production, decreased number of cows, and the decreased milk consumption. The main aim of the paper is to examine the milk production changes in the EU. We investigated the dynamics of changes in farm milk production during the period from 1998-2017 in the EU. Moreover, we investigated the impact of the removal of quotas on the production of milk on farms in the EU countries for the period from 2015-2017. Milk production in the EU increased from 151 million tons in 1998 to 165 million tons in 2017 (a 10% increase). A multi-variate regression model was to test which explanatory variables have an impact on milk production in the EU. The most important factors were a gross domestic product, final household consumption expenditure (current prices, million euro), and population (number).
Introduction
Dairy products are nutrient-dense foods in the overall human diet, and contain needed nutrients, such as calcium, potassium, protein, fat, and vitamin D which are critical in a balanced diet [1] . Milk and dairy products, may reduce the risk of osteoporosis and cardiovascular diseases and type 2 diabetes and are the best compliment for a healthy meal [2] . Dairy products are characterized by limited possibilities for the storage of their stocks which are unstable and difficult to store and transport. Milk is an unstable product which requires to be handled at an appropriately low temperature (up to 4 • C), transported as quickly as possible, and processed within 24 h. Over time, the count of bacteria increases, and milk metabolism intensifies. Tukker at al. [3] pointed out that dairy products are the second-highest within the food and drink consumption area.
The dairy sector is also very important for the economy of the EU. The EU is the largest producer of milk in the world, and it exports milk around the world. Moreover, the EU is focused on producing a safe product from healthy animals with strict limits on bacteria and somatic cell counts in raw milk [4] .
The dairy sector is undergoing major structural changes in the EU, the USA, New Zealand, and in many other countries in the world. These changes include geographical shift and production intensification. According to Cabrera, et al. [5] current changes in the dairy sector "affect farm efficiency, profitability, and the long-term economic sustainability". Dairy farmers need to invest to keeping their 1.
Elaboration of the impact of changes in milk production for particular countries of the EU during the period from 2018 to 2020; 2.
Identification of factors having an impact on milk production in the EU countries; 3.
Evaluation of the impact of various characteristics on milk production in the EU.
Bearing in mind the importance of milk production for the economy of the EU, we wanted to analyze the development of milk production in the EU. The objective of our analysis was to recognize the biggest milk producers in the EU. Moreover, we wanted to find which factors determine the milk production in the EU countries.
To accomplish this, we look at how the common agricultural policy and environmental issues have impacted milk production. A discussion of the methodology used for the analysis is followed by a consideration of the results and their implications for EU policy.
Impact of Common Agricultural Policy and Environmental Regulations on Milk Production
One of the most important issues within the Common Agricultural Policy (CAP) is the support of milk production. Reform of agricultural policy started in 1992, where the MacSharry reform reduced the intervention prices for butter and dairy products by 9% and 7.5%, respectively [26] . In 2003, the Fischler reform reduced the intervention price for butter by 10% [27] . Additionally, supply quotas were introduced for the first time, and the support prices were reduced [28] . According to Réquillart [29] , the quota system accomplished its goal in maintaining high prices in milk and dairy product markets. Another result was that EU milk production increased and EU net exports to the world market increased, causing world market prices to decline [30] . Because the quota system guaranteed EU farmers that their milk would be purchased by milk processing enterprises for reasonable prices, farmers' welfare increasingly depended largely on these regulations [31] . The planned elimination of milk quotas resulted in a loss of confidence by farmers, even in the biggest milk-producing countries like Germany. The changes had a negative impact on smaller dairy farms, while benefiting the larger ones [32] .
On 1 April 2015 milk quotas were abolished in the EU [33] , resulting in a more competitive global market and increasing world milk prices [34, 35] . Initially, the abolition of milk quotas resulted in unstable prices, which dropped significantly to halt structural change [36, 37] . It was closely linked with the ongoing structural change in the dairy industry. It created serious problems in the milk market in the EU countries.
The reforms introduced by the EU to stabilize the dairy market were not highly effective because they included payments for farmers to keep small numbers of cows [38] . These payments had mainly social implications because payments were focused on farms with 3-10 cows. Farms with more than 20 cows were entitled to direct payments for a maximum of 20 animals only, thereby discouraging farmers from expanding herd size [39] . In the next CAP programming period (2021-2027) these policies will likely be revised. Moreover, CAP measures can help countries with low milk production (Malta, Cyprus, Slovenia, Croatia), and such recommendations could be incorporated into future CAP plans from 2021 to 2027 [40] .
Intensive milk production systems occur indoors, which may cause increased manure management issues [41] . Another issue is the welfare of animals which stay indoors and do not have fresh air, do not move much, and have limited access to sun, and thus, vitamin D. Another problem may be of course claw-health problems and the light problems can be solved by day-light lamp [42, 43] . Additionally, large-scale dairy farming is not socially desirable in many regions of the world, and only small-scale family farming can enable sustainable development [44] . The problem of milk production Sustainability 2020, 12, 420 4 of 15 and its impact on the environment has been studied extensively. Soltanali, et al. [45] found that environmentally friendly dairy production is an important issue, especially in intensive farms.
Olipra [46] analyzed price cycles in the milk market. He concluded that political, institutional, economic, and environmental factors determine the duration cycles in the dairy market. Dairy farm environmental sustainability requires looking at the production as a contributor to life cycle environmental impact from production to consumption and disposal [47] . The presence of cycles in the milk market creates volatility in milk prices that threaten the future development of dairy farms. Global integration in the dairy market also creates increased volatility because of various external factors [48] .
One of the characteristics of milk production is the presence of economies of scale. Because of these small dairy farms are less competitive compared to larger farms and may not be able to survive in the market. Smaller dairy farms have higher unit production costs in comparison to larger farms and are inefficient. Smaller farms also have advantages, such as more attention for the individual animals, less competition, less different personal, etc. [49] .
Materials and Methods
In the first part of this paper, the direction and dynamics of changes in milk production in the EU in the years 1998-2017 has been discussed and projections made for expected changes for 2018-2020. Historical data were used to estimate the development trend using multiple regression methods the dependent variable y (for example, EU milk production) based on the values of various independent variables x (prediction of a dependent variable on the basis of an independent variable, e.g., year). The development trend of the dynamic series was determined using a mathematical function:
where β 0 and β 1 are structural parameters of the regression function, and ξ is a random component. The β 0 parameter in the linear regression equation means the so-called intercept, and the parameter β 1 is the regression coefficient of the y variable relative to the x variable. It corresponds to the directional coefficient of the linear function, so it estimates how much the value of the dependent variable y changes when the independent variable x changes by one unit. In the construction of the regression model, the assumption of ceteris paribus was introduced. This limited the impact of the random component ξ. The determination coefficient (r 2 ) is used to measure the extent to which the model explains the formation of the y variable. The closer it is to 1, the better the fit of the model. Next, we have used descriptive and graphical methods to present the changes in milk production in the EU countries. We also analyzed the descriptive statistics to measure the average, median, minimum, maximum, standard deviation, and coefficient of variation in milk production on farms in the EU countries in 2015-2017 and partly from 2018.
The direction of changes in milk production in individual EU countries is based on the analysis of data from milk delivered to processors. This time series included monthly data from January 1990 to July 2019. The analysis used the linear regression method (1), where the dependent variable was the volume of milk delivered, and the independent variable was the date.
Finally, an analysis of the relationship between the volume of milk production on farms in individual EU countries and selected variables was conducted for 2017. The literature lists many factors that may affect milk production. There are economic factors characterizing the economic situation of a given country. This is mainly due to dynamic changes taking place outside the farm. On the other hand, natural conditions are one of the important factors affecting the economic competitiveness of dairy farming in relation to other agricultural activities. The most important of these are climatic and soil conditions, primary the share of arable land and permanent grassland [50] .
Based on a review of the literature and data availability, 10 potential explanatory variables were initially selected for each EU country that may affect milk production: X 1 -share of permanent grassland in Utilized Agricultural Area (%); X 2 -permanent grassland (ha); X 3 -gross domestic product at market prices (current prices, million euro); X 4 -final consumption expenditure of households (current prices, million euro); X 5 -exports of goods (current prices, million euro); X 6 -imports of goods (current prices, million euro); X 7 -subsidies (current prices, million euro); X 8 -gross domestic product at market prices (current prices, euro per capita); X 9 -final consumption expenditure of households (current prices, euro per capita); X 10 -population (number). The sources of information were Eurostat data. We used the Statistica 13 program for data analysis. Malta was not included in the analysis because data on permanent grassland was not available for this country.
Results and Discussion
Over the past two decades, milk production in the EU has been steadily increasing. It increased from just over 151 million tons in 1998 to over 165 million tons in 2017 (an increase of almost 10%). The most likely explanation for this is that the quota system introduced in 1984 with the objective to bring increasing milk production under control was abandoned at the end of March 2015 [16] . According to the statistical analysis, the average annual increase was over 740 thousand tons (r 2 = 0.53 at p < 0.05 indicates that the explanatory value of the model is somewhat weak and the data is moderately correlated). It is also influenced by the large fluctuations in the volume of production during this period. During the period from 2002-2005 large declines in production were particularly noticeable. After 2009 production began to grow. The abolition of milk production quotas in 2015 resulted in an even faster increase in European milk production ( Figure 1 ). However, it was mainly related to the increase in the number of cows, which grew faster than productivity. However, the increase in production/cow is also related to better roughage. Unfortunately, the problem of surplus manure also began to increase, which affected compliance with the obligations arising from limitations on the production of nitrates and phosphorus. Thus, in some countries, the trend of increasing cow population and milk production has changed direction (e.g., The Netherlands). Additionally, in 2015 and 2016 the dairy sector faced a serious crisis characterized by sharply falling prices in both the EU and most other parts of the world caused by a combination of factors, including the persistent increase in milk supply in several EU Member States (since the milk quotas were lifted in April 2015) and the embargo by Russia on European dairy products (mainly cheese). A significant share of exported dairy products in the EU had gone to Russia and developing countries. Reasons for these exports include the proximity of markets, low transport costs, increases in incomes of these countries, or lack of self-sufficiency by these countries in the production of dairy products [51] . It seems that these markets have been lost, due to the Russian embargo [52, 53] . Thirdly, Chinese demand for whole-milk powder decreased. Fourth, the decline in imports by some oil-producing countries, weakened by the lower price of crude oil was observed [51] . Therefore, a slowdown in the growth rate of milk production during this period was observed. However, beginning in 2017, the rate of milk production in the EU has been increasing compared to the preceding period. Evaluation of the data confirms that increased milk production in the EU is possible by using divergent genetic selection choices [54] .
6
following years, this value will increase. The decrease in average production related to a period of heat stress also increasing problem. However, a statistical error indicates that a further decrease in production cannot be excluded ( Figure 1 ). When analyzing the spatial diversity of milk production in the EU in 2015-2017, attention should be paid to high heterogeneity. This is indicated by the volatility coefficients, which vary from 135 to 137%. However, concentration analysis, with a large variation in production, indicates a lack of uniformity. The Gini coefficient in the years 2015-2017 was the same (0.691), which indicates a relatively high concentration (with simultaneous spatial differentiation) of production. In turn, the Herfindahl ratio in 2015 was (0.099) in 2016 and (0.100) in 2017, which also indicates intense competition, but with a dominant share of around 10 countries. Figure 2 shows that the leading EU countries for milk production are Germany and France. The next highest milk-producing countries are: United Kingdom, Netherlands, Poland and Italy, with the latter being less than 50% of Germany's share. The next group, with a similar production levels, is: Ireland, Spain, and Denmark. Additionally, there are many EU countries produce very small amounts of milk, including Malta, Cyprus, Luxembourg, Slovenia, Croatia, Greece, Estonia, Slovakia, Bulgaria, and Latvia ( Figure 2 ). Prediction of future changes indicates that milk production may fall compared to 2017. The main reason for this decrease is the cold and wet weather conditions, which delay the growth of permanent pasture in early spring. On the other hand, the summer drought is a very big problem, which has a serious impact on the growth of grassland and feed production in many dairy areas in Europe. Due to the lack of feed, some farmers accelerated the slaughter of cows and heifers. However, given the constant demand for dairy products in the EU, milk production is expected to increase [55] . Our analysis confirms this. A decrease in cow's milk production can be observed in 2018, but in the following years, this value will increase. The decrease in average production related to a period of heat stress also increasing problem. However, a statistical error indicates that a further decrease in production cannot be excluded (Figure 1) .
When analyzing the spatial diversity of milk production in the EU in 2015-2017, attention should be paid to high heterogeneity. This is indicated by the volatility coefficients, which vary from 135 to 137%. However, concentration analysis, with a large variation in production, indicates a lack of uniformity. The Gini coefficient in the years 2015-2017 was the same (0.691), which indicates a relatively high concentration (with simultaneous spatial differentiation) of production. In turn, the Herfindahl ratio in 2015 was (0.099) in 2016 and (0.100) in 2017, which also indicates intense competition, but with a dominant share of around 10 countries. Figure 2 shows that the leading EU countries for milk production are Germany and France. The next highest milk-producing countries are: United Kingdom, Netherlands, Poland and Italy, with the latter being less than 50% of Germany's share. The next group, with a similar production levels, is: Ireland, Spain, and Denmark. Additionally, there are many EU countries produce very small amounts of milk, including Malta, Cyprus, Luxembourg, Slovenia, Croatia, Greece, Estonia, Slovakia, Bulgaria, and Latvia (Figure 2 ). Not only do the changes in organization of supply chains result in an increase in requirements, but also create opportunities for gaining access to new markets and vertically organized supply chain systems. In addition, the liberalization of trade in the EU, and the privatization of milk processing enterprises have opened the dairy sector to greater foreign competition. These actions have contributed to an increase in investments in the dairy sector [56] . A study into changes in milk supply chains was conducted by Robinowitz and Liu [57] . Its results show that the processing and retail trade creates a need for investments in agricultural farms, and affect the retail price of milk.
Milk production worldwide has been on the increase, and is stimulated by the increase in demand, dietary changes, and enterprises which supply farms with production factors, feed, modern machinery, and services [58] . Milk producers need to face the increasing competition of producers both in Poland and abroad. In the constantly changing global environment, milk producers must be prepared to make use of the existing opportunities and to accept new technologies in order to remain competitive [59, 60] . In order to be able to cope with the increasing competition, milk producers need to realize necessary investments to increase production and adjust it to standards. Investments improve technical efficiency of dairy farms and generate incomes [61] .
The descriptive statistics of production of cow's milk on farms in the EU countries for 2004-2017 can be found in Table 1 .
The coefficient of variation (CV) informs about changes which were in the milk production in the years 2004-2017 in the EU countries. The highest coefficient of variation was found in 2015 (137.11%), and the highest average cow's milk production on farms was found in 2017 (5901.81 thousand tons).
Standard deviation (SD) is a measure of the amount of variation or dispersion of a set of values. The highest was observed in 2017 (7979.57 thousand tons) and the lowest in 2004 (6988.74 thousand tons). Not only do the changes in organization of supply chains result in an increase in requirements, but also create opportunities for gaining access to new markets and vertically organized supply chain systems. In addition, the liberalization of trade in the EU, and the privatization of milk processing enterprises have opened the dairy sector to greater foreign competition. These actions have contributed to an increase in investments in the dairy sector [56] . A study into changes in milk supply chains was conducted by Robinowitz and Liu [57] . Its results show that the processing and retail trade creates a need for investments in agricultural farms, and affect the retail price of milk.
The descriptive statistics of production of cow's milk on farms in the EU countries for 2004-2017 can be found in Table 1 . The coefficient of variation (CV) informs about changes which were in the milk production in the years 2004-2017 in the EU countries. The highest coefficient of variation was found in 2015 (137.11%), and the highest average cow's milk production on farms was found in 2017 (5901.81 thousand tons).
Standard deviation (SD) is a measure of the amount of variation or dispersion of a set of values. The highest was observed in 2017 (7979.57 thousand tons) and the lowest in 2004 (6988.74 thousand tons).
The highest production of cow's milk on farms in the EU was in 2016 (32,672.34 thousand tons) and the lowest minimum was found in 2008 (39.91 thousand tons).
Investment decisions taken by farmers are a resultant of the impact of both exogenous and endogenous factors. The exogenous factors affecting farmers' investment activity include factors related to the demand for produced raw materials, the expected and current price levels for agricultural products, the supply conditions and particularly the level of incurred costs, availability and cost of the factors of production, the economic condition-both the current and expected by farmers, system solutions (financial, economic, institutional), economic policy and particularly agricultural policy, fiscal policy, monetary policy, the inflation level and the market interest level determining the cost of receiving a loan, the degree of economy's openness to international connections, regulations and others [62] . The endogenous factors arise from the production potential of agriculture, the degree of consumption of fixed assets, the level of modernity of the applied production techniques, the level of knowledge of agricultural farm managers, as well as their age, the economic and financial situation of agricultural farms, and particular the level of generated agricultural income [63, 64] . The resultant of the impact of external and internal factors are the farmers' decisions on the realization or abandonment of an investment.
In order to determine if there is any relationship between variables, a correlation analysis was conducted ( Table 2 ). The analysis confirmed that milk production is mostly correlated with imports and exports of goods. Moreover, milk production is also strongly correlated with the gross domestic product at market prices and population. The share of permanent grassland in a utilized agricultural area, gross domestic product at market prices and final consumption expenditure of households are not strongly correlated with milk production. Despite earlier information about the possibility of a decrease in milk production in the EU, an analysis of changes in the volume of milk supplied by farmers to dairies in the EU shows an average increase of over 14,000 tons per month. A statistically significant and growing trend can be seen in most EU countries, especially in Germany, Poland, and the Netherlands. Only a few countries had a falling trend. Among them were Croatia, Finland, Bulgaria, Slovakia, and Sweden. In turn, in Hungary and Romania are characterized by the lack of statistical dependence. The p value was low in all countries, which means that the model is valid and statistically important (Table 3) . The analysis of factors that may affect milk production on farms generated many interesting results (Table 3 ). After verification of independent variables, it can be observed that the adjusted R 2 = 0.92, so the model explains the vast majority of the variation in milk production on farms in individual EU countries. The multiple regression coefficient R = 0.97 means that raw cows' milk from farms is strongly correlated with the following variables: X 3 -gross domestic product at market prices (current prices, million euro); X 4 -final consumption expenditure of households (current prices, million euro), and X 10 -population (number). The standard error of estimation was 2222.5.
Based on the results of the regression analysis it can be concluded that the production of cow's milk on farms is primarily influenced by the GDP in a given country, which means that with the increase of this measure in a given country by EUR 1 million, milk production on farms increased by 28.2 tons, i.e., countries with high GDP have high milk production. At the same time, an increase in household consumption expenditure for a given country by EUR 1 million will result in a decrease in milk production by 45 tonnes. This can be explained by the fact that as the consumer (household) income increases, food expenditure increases, but the share of total expenditure decreases, and consumers begin to purchase alternative products (e.g., soy or nut-based milk, which is more expensive and at the same time considered healthier by some consumers). Thirdly, the population increase in a given country by one person resulted in higher milk production on farms by 0.2 tons (Table 4 ). This relationship can be written as:
Raw cows' milk from farm (1 000 t) = 0.0282*Gross domestic product at market prices (Current prices, million euro) − 0.045*Final consumption expenditure of households (Current prices, million euro) + 0.0002*Population (no) + 179.991 
Implications for Common Agricultural Policy in Milk Market
The present experience with the CAP that was introduced into the milk market did not result in the anticipated effects. The price of milk is highly volatile, and the production is changing. The demand for milk has been changing with people consuming less milk per capita worldwide.
The success of any future policy affecting the milk market depends on communication between policy makers and farmers. It also should reflect local conditions because European agriculture (especially within the dairy sector), environment, and production areas are very diversified [36] .
One of the biggest threats to milk production is the increase in demand for soymilk (soy drink) as an alternative to cow-based milk. Milk produced by other species like goats can also be a threat to the dairy market. Such countries as China are going to increase own milk production what will change the trade balance in the future.
Policy recommendation should consider a wide variety of diets for different consumers. This particularly concerns lactose intolerant consumers who should not be restricted to the soymilk only. The dairy industry should be helped to produce products which are alternative to traditional milk, such as yoghurt, kefir, and others, which help with digestion problems. "The promotion of these alternatives can be highly beneficial for creating healthy future generations" [65] .
Milk production will not flourish without competitive dairy processing enterprises. It is essential to support milk production on the farm side, as well as the procession enterprises on the other side.
It is important to build good relationships with consumers and promote healthy dairy products in order to better position them in the "growing market of functionally enhanced milk products. Minority households are more likely to purchase these products since they view the specialty milk consumption as a necessity due to the health issues" [2] .
The milk production should be adjusted to the requirements of demanding consumers. Organic and sustainable milk production is gaining more and more interests. However, organic milk production still constitutes too small to be an important segment of dairy production [66] . That is why education and advertisement should play an important role in delivering information about the benefits of organic dairy products.
One of the biggest problems in milk production is the contribution of GHG (greenhouse gas) emissions. Milk production contributes to 20% of total emissions, and it has increased by almost 40% during the last three decades. To eliminate this process, several actions should be undertaken. The EC (European Commission) has undertaken actions within CAP which aim is to decrease the GHG emissions [67] . This actions should be adjusted to environmental conditions of each EU member states.
Policy makers should be aware of the consequences of industrial milk production and negative consequences for the environment. Global and local environmental performance can be improved by higher environmental education, organic farming, larger farm size and lower intensity of cattle concentrates. Moreover, the use of more balanced rations, special new products, medications that may reduce NH3 emission can have an impact on milk production [47] .
Conclusions
In recent years, the volume of milk production has constantly been growing, which indicates the growing importance of this agri-food sector in the EU market. Milk and dairy products constitute the largest agricultural sector and one of the more important industries in the EU.
The biggest milk producers in the EU are Germany, France, the United Kingdom, the Netherlands, Poland, and Italy. The smallest milk producers are Malta, Cyprus, Luxembourg, Slovenia, Croatia, Greece, Estonia, Slovakia, Bulgaria, and Latvia. These demonstrate the spatial differentiation of milk production in the EU. The biggest milk producers are self-sufficient in milk production and represent the largest milk and dairy, product exporters.
The regression analysis showed that the production of raw cow's milk in the EU depended on the gross domestic product at market prices (current prices, million euro), final consumption expenditure of households (current prices, million euro), and population. The gross domestic market prices and their increase impacted milk production in the EU is the factor shaping the supply side of the market. The final consumption expenditure had a negative impact on milk production. Population growth had a positive impact on milk production in the EU. These results help to explain the increase in milk consumption from population increases.
